Adverse drug-drug interactions are more common in the elderly because of the commonality of polypharmacy. When one of the interacting drugs has a low therapeutic index, the consequences can be life-threatening or fatal. This case describes a fatal cerebral haemorrhage in an 80-year old male on stable doses of warfarin prescribed by his cardiologist, who was prescribed fluconazole 200mg, once daily, for 14 days by an oral and maxillofacial surgeon to treat an intraoral fungal infection. The oral surgeon was aware that the patient was on warfarin and his INR two days prior to the appointment was 2.4. While a drug interaction alert was sent to the patient's primary care family physician regarding fluconazole and the simvastatin she had been prescribing, the interaction was not reviewed by her for another 9-days. She then informed the patient that "it was fine" to finish the fluconazole. However, this phone conversation prompted the patient to discontinue the fluconazole after 8 doses. Two days later, the patient was confused and driving his car erratically. His son rushed him to the hospital where a CAT scan revealed a large frontal intraparenchymal haemorrhage. His INR was a 9.6. This event illustrates that this well-documented adverse drug interaction needs to be better highlighted in dental and medical training. Warfarin's primary metabolic pathway involves the cytochrome P-450 2C9 isoform and fluconazole is a strong inhibitor of this enzyme, with the potential outcome being excessive warfarin blood levels. Frequent INR monitoring with potential warfarin dosage adjustments downward if fluconazole is prescribed, or the complete avoidance of fluconazole is recommended in patients taking warfarin. The importance of communication and coordinated care between different health care providers cannot be overstated.
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What is known about this subject?
The ability of fluconazole to inhibit warfarin's metabolism is a serious well-documented adverse drug interaction that may be unknown or underappreciated by many medical specialties.
What new information is offered in this case study?
This drug interaction lead to a significant increase in the patient's INR and an eventually fatal haemorrhagic stroke.
What are the implications for research, policy, or practice?
Clinicians must be aware of drugs with low therapeutic indices that are metabolized by the cytochrome P-450 system and other pharmaceuticals likely to impede this process.
Background
Warfarin is a drug that is commonly prescribed to prevent thrombi formation, mitigating the enhanced potential of occlusive stroke or pulmonary embolism in patients with atrial fibrillation, deep venous thrombosis and other hyperthrombotic disorders. 1, 2 It is a vitamin K antagonist that interferes with the hepatic synthesis of the procoagulant vitamin K dependent clotting factors II, VII, IX and X, as well as the synthesis of the anticoagulant proteins C, S and Z. 3 It is primarily metabolized by cytochrome P-4502C9 (CYP2C9). 4 Warfarin has a low therapeutic index, meaning the difference between therapeutic and toxic blood levels is relatively small, making it uniquely poised to be involved in serious adverse drug interactions.
5
Fluconazole is an antifungal agent which is effective in the treatment of mucosal candidiasis, including candida infections in the oral cavity. 6 In addition, compared to other azole antifungal drugs, it has the best penetration into the central nervous system, making it especially useful against infections like Cryptococcal meningitis. 7 While the drug is routinely used on an inpatient and outpatient basis, there is an underappreciation for the potentially severe and lifethreatening drug interactions with which fluconazole can be associated. 5 Fluconazole is a potent inhibitor of CYP2C9 both prehepatically and in the liver. 8, 9 The clinical implications of this property is that fluconazole can inhibit the metabolism of and cause the accumulation of CYP2C9 substrates, including warfarin. 5, 10 Table 1 illustrates some inhibitors of CYP2C9. 4, 11 Several studies have reported significantly elevated prothrombin times (PTs) and INRs with the simultaneous intake of both drugs. [12] [13] [14] More alarming, unexpected bleeding including GI, intraocular and epidural has also been reported with this combination. [15] [16] [17] [18] In one case the patient had been diagnosed with a fungal infection of the GI tract, placed on fluconazole and his INR rose from 2.2 to 40. 18 The following case describes a fatality in an 80-year-old male on stable warfarin doses for atrial fibrillation who was prescribed fluconazole for an intraoral fungal infection.
Case details
This case is of an 80-year-old male (BMI 31.6) with atrial fibrillation, hypercholesteremia and angina who was referred to an oral surgeon because of lower premolar tooth pain, and hyperplastic tissue in the right maxillary first and second molar region which was not allowing his partial denture to seat. The patient's medication intake was warfarin 5mg once daily (OD) for atrial fibrillation, simvastatin 20mg OD and gemfibrozil 600mg BID for hypercholesteremia, isorbide mononitrate 60mg OD and sublingual nitroglycerin PRN for angina, acetylsalicylic acid 81mg per day for cardioprotection, meclizine 25mg OD for vertigo and lorazepam (unknown dose) prn for anxiety. In the previous 3 years, his international normalized ratio (INR) had remained between 2.2 and 2.6. While a cardiologist was managing the patient's warfarin intake by ordering monthly INRs, a board-certified family care physician was handling all other medication intake. His vital signs were: blood pressure 160/120 and pulse: 76. (Temperature and respiration rate were not taken) The oral surgeon and his surgical assistant were presented with a complete medication list by the patient. Two days prior to this oral surgery appointment, the patient's INR was 2.4 and the oral surgeon had specifically requested this information from the patient's cardiologist.
On further examination of the patient's oral soft tissues, the oral surgeon noted hyphae like structures and redness on the palatal mucosa under his maxillary partial denture. The lower premolar tooth was extracted uneventfully and a small amount hyperplastic tissue in the maxillary molar region was removed under local anesthesia with 3.6ml of 2 per cent lidocaine (72mg) plus 1:100,000 epinephrine (0.036mg), and 1.8ml of 3 per cent mepivacaine (54mg). The oral surgeon prescribed acetaminophen 300mg plus codeine 30mg prn for postoperative pain control and fluconazole 200mg OD for 14 days for what appeared to be a generalized Candida albicans infection (papillary hyperplasia) on the palatal tissue beneath the denture. The patient was advised not to wear the denture until his condition was re-evaluated in two weeks.
The patient had the fluconazole prescription filled by a "chain pharmacy" who was not currently filling his warfarin and other chronic-intake prescriptions. A mail order pharmacy was filling these prescriptions. However, the chain pharmacy had filled his warfarin prescriptions as recently as two years prior to the current fluconazole prescription.
On the day that the fluconazole prescription was filled, the mail order pharmacy sent out a drug interaction alert to the patient's primary care family physician with regards to fluconazole and simvastatin. The primary care physician did not review this computer-generated report until day 9 of the patient's fluconazole intake. On reviewing the report, the physician's office assistant called the patient and informed the patient's wife about this possible interaction but did not describe what the possibilities of the drug-drug interaction could be. The patient's wife asked if the family care physician could directly call her or her husband about this alert. The physician promptly returned the call. She informed the patient and his wife that "since nothing adverse had happened so far, plus the fact he was nearing the end of his prescription course, he could finish his fluconazole prescription". However, the patient did not want "to take any chances with all the medication he was on" and discontinued the fluconazole on his own. He had dosed with fluconazole for 9 days.
One day after the patient's discontinuation of fluconazole, his cardiologist received a drug interaction alert with regards to fluconazole and warfarin. Two days later at a family gathering in a restaurant, the patient was "not acting himself". He appeared a little confused and was not conversing as vibrantly as he usually did. The patient and his wife felt like he might be coming down with something and decided to drive home with the patient at the wheel. On driving home, the patient was not holding the road well and was driving down incorrect streets. His wife took over the wheel, called the patient's son who lived next door and told him she thought that his father was having a stroke.
The son immediately drove his father and mother-in-law to the hospital. Upon arrival, the patient was semi-conscious (Glasgow coma score=11) and not adequately responding to verbal queries by the emergency department physician. A CAT scan of the brain was ordered and it revealed a significant right frontal lobe bleed. An INR was then immediately ordered and the patient's INR was 9.6. Intramuscular Vitamin K 10mg (the antidote for a warfarin overdose) was administered, along with 6 units of fresh frozen plasma and 6 units of platelets. After his blood coagulation levels stabilized, he was taken to the operating room for an emergency craniotomy.
The patient remained in the hospital for 4 months. During the initial 3-months the patient's condition seemed to be improving with the ability to ambulate with assistance and occasional short conversations with his family and attending hospital staff. However, his condition subsequently deteriorated. He became semiconscious, then unconscious despite aggressive therapy. He passed away in the hospital.
Discussion
The fluconazole-warfarin adverse drug interaction has been well-described in the literature based on both pharmacokinetic studies and case reports with the potential outcome being serious bleeding. 4, 5, [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] Warfarin is actually a racemic compound with the S-isomer being the more potent isomer with regards to the drugs anti-coagulant activity. 19 It's primary metabolic pathway is via CYP2C9 (Figure 1 ) and strong inhibitors of this enzyme such as fluconazole and metronidazole can inhibit warfarin's metabolism and lead to excessive blood levels of the drug and correspondingly supra-therapeutic INRs. 4, 5, [8] [9] [10] 20, 21 In a retrospective study of 22,272 United States Veterans between 2002 and 2008 on stable doses of warfarin for at least 30 days that were exposed to antibiotics thought to interact adversely with warfarin, 2.3 per cent of them who received fluconazole had major bleeding events, with 9.7 per cent having INRs recorded above the level of 6.0. 22 The significantly elevated and untreated blood pressure exhibited by this patient (recorded as 160/120 when his vitals were taken by the oral surgeon) may have further added to the drug interaction's severity. The combination of antiplatelet therapy (acetylsalicylic acid 81 mg), anticoagulant therapy (warfarin) and hypertension in the absence of elevated warfarin levels, is known to increase the risk of haemorrhagic stroke. 23, 24 To our knowledge this is the first reported case where the administration of fluconazole to a patient on stable warfarin doses, was the major contributing factor to the haemorrhagic stroke that ultimately lead to the demise of this individual.
The initial drug interaction alert involving fluconazole and simvastatin revolved around the primary metabolic pathway of simvastatin being cytochrome P-450 3A4 (CYP3A4). 4 Fluconazole is a moderate inhibitor of CYP3A4 with the ultimate effect of the interaction being excessive simvastatin blood levels. 25, 26 Like grapefruit juice, the ability of fluconazole to raise simvastatin blood levels can lead to an increased risk of myalgia and occasionally rhabdomyolysis. 26, 27 There are several clinically significant "take home messages" from this report.
• The ability of fluconazole to significantly increase warfarin blood levels is underappreciated and must be highlighted in dental and medical training.
• While we as clinicians are often overwhelmed by drug interaction alerts from pharmacies, it behoves us to consider the clinical significance of these possible events. "Alarm fatigue," a desensitization and hypovigilance to multiple alerts, may worsen the problem as many software systems produce alerts of similar magnitude regardless of the clinical significance of a potential drug-drug interaction. 28 The providers are ultimately responsible to discern the potential clinical severity of an interaction. • This case underscores the importance of interdisciplinary communication between various healthcare providers, especially when prescribing different drugs to the same patient. In this specific case, the oral surgeon never discussed his fluconazole prescription with the cardiologist. The family care physician reviewed the drug interaction alerts "too late in the game" and never contacted the pharmacy about the significance of the first interaction alert between fluconazole and simvastatin.
• Pharmacies can be overburdened by the number of prescriptions they fill and often do not have adequate time to look up prescriptions they filled in the past (in this case warfarin); and ultimately council the patient about potential adverse drug interactions with the newly prescribed drug (in this case fluconazole).
• It is likely that this event could have been prevented if the patient's INR was monitored for any deviations from the therapeutic window during the intake of fluconazole. Warfarin could have been discontinued and/or vitamin K administered.
Conclusion
This paper presents a significant and ultimately lethal drug interaction between fluconazole and warfarin. Warfarin is a drug with a low therapeutic index that is taken by numerous patients with atrial fibrillation and other thrombotic disorders. It is the responsibility for all clinicians to discern if drugs they are prescribing can enhance the ability of warfarin to induce serious bleeding episodes. 
